BACKGROUND: Pesticides are used in agriculture to protect crops, but they pose a potential risk to farmers and environment. The aim of the present study is to investigate the relation between the occupational exposure to various pesticides and the presence of DNA damage. MATERIALS AND METHODS: Blood samples of 210 exposed workers (after a day of intense spraying) and 50 control subjects belonging to various districts of Punjab (India) were evaluated using Comet assay. Sixty workers who showed DNA damage were selected for follow up at 5-6 months after the first sampling during a low or null spraying period. RESULTS: Significant differences were found in DNA damage between freshly exposed workers and controls and freshly exposed and followed up cases. There was significant increase in the comet parameters viz. mean comet tail length and frequency of cells showing migration in exposed workers as compared to controls (72.22 ± 20.76 vs. 46.92 ± 8.17, P<0.001; 31.79 vs. 5.77, P<0.001). In the second samples, followed up cases showed significant decrease in frequency of damaged cells as compared to freshly exposed workers of first sampling (P<0.05). The confounding factors such as variable duration of pesticide exposure, age, smoking, drinking and dietary habits etc which were expected to modulate the damage, were instead found to have no significant effect on DNA fragmentation. CONCLUSION: The evidence of a genetic hazard related to exposure resulting from the intensive use of pesticides stresses the need for educational programs for agricultural workers to reduce the use of chemicals in agriculture.
Introduction
Pesticides are extensively used all over the world to increase food production and control vector-borne diseases and in recent years their use was increased dramatically. Unfortunately, large amounts of these chemicals are released into the environment and many of them affect non-target organisms, being a potential hazard to human health. Fifty-six pesticides have been classified as carcinogenic to laboratory animals by the IARC. [1] Meta-analyses showed that pesticide-exposed farmers are at risk for specific tumors, including leukemia, [2] [3] [4] non-Hodgkin's lymphoma, [5] soft tissue sarcoma, [6] Parkinson disease, [7] multiple myeloma, [8] stomach and prostate malignancies. [9] Some selected pesticides have been tested individually by in vitro genotoxicity testing methods and considered as potential chemical mutagens. [10] However, the effective dose in many single tests is generally very high. As most occupational and environmental exposures are exposure to mixtures of pesticides, the genotoxic potential evaluated on single compounds could not be extrapolated to humans. Hence, the genotoxicological assessment in human populations is a useful tool to estimate the genetic risk from an integrated exposure to complex mixtures of pesticide. Several cytogenetic assays have been used to evaluate the potential genotoxicity of pesticide exposures in occupationally exposed populations. However, there are reports on positive genotoxic effects in populations exposed to pesticides [11] [12] [13] as well as negative findings. [14, 15] 
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Alkylating abilities of the pesticide chemicals induce breaks in DNA [16] and thus affect DNA replicating ability and its ability to carry information. [17] DNA damage together with cellular response can establish genomic instability through multiple pathways [18] and can be considered as an effective strategy for risk assessment. Individuals occupationally exposed to pesticides have great genotoxic risk and assessment of this risk in exposed subjects can be used as fairly reliable biomarker of early biological alterations. [19] Biomarkers frequently used to assess genotoxic effects of pesticides include chromosomal aberration (CA), micronuclei formation (MN), sister chromatid exchanges (SCEs) and comet assay.
From the past few years, single cell gel electrophoresis (SCGE) or comet assay has been used as a sensitive, visual, reliable, rapid and inexpensive technique for measuring and analyzing DNA single and double-strand breaks, alkali-labile sites, DNA cross-linking and delayed repair-site detection in eukaryotic individual cells. [20, 21] The sensitivity as well as the specificity of comet assay can be increased by incorporating an extra step of digestion with a lesion-specific endonuclease following lysis. [22] The relevance of technique lies in its requirement of small amount of blood sample and its ability to evaluate index of genetic damage in the non-proliferating cells. Though the technique is extensively used in fundamental DNA-repair studies, toxicology and biomonitoring studies, yet only a limited number of biomonitoring studies on the genotoxic effects due to occupational exposure to pesticides in sprayers have been reported. [23] [24] [25] [26] [27] [28] [29] These studies have revealed significant increase in DNA damage in exposed workers in comparison to control subjects. A few studies have also reported negative results. [30] Genetic polymorphism of the metabolic enzyme GSTP1 has been found to be associated with greater risk of DNA damage in pesticide exposed workers. [29] However, there is a scarcity of data pertaining to studies conducted on blood samples of individuals during intense spraying activity alternating with no spraying/very low spraying of pesticide. Moreover, in developing countries like India, most of the pesticide applicators are illiterate and untrained and do not use appropriate protective clothing / devices and have never been monitored for the genotoxic effects of pesticides they are being exposed to.
Earlier data suggests that endogenous and exogenous factors are involved in modulating the effects of pesticides and hence the individuals of different genetic constitution may respond differently to pesticide exposure. The present study is thus designed to evaluate the extent of possible DNA damage among freshly exposed workers during intense spraying season and follow up cases during low exposure period among the pesticide sprayers of Punjab (India) who were occupationally exposed to various pesticides for variable duration of exposure.
Materials and Methods

Study population
The study was carried out on a group of 210 male farm workers (Vegetables, Orchards, Cotton, Paddy and Wheat Sprayers) belonging to various districts of Punjab and being exposed to various pesticides. This was a longitudinal study in which each farmer was his own control. This approach removed problems generated by the choice of unexposed control and their similarity to exposed population for any epidemiological parameter except exposure. Still an effort was made to compare the exposed and non-exposed group. So the 50 age-matched healthy male individuals were selected as control from general population having no history of occupational exposure to pesticides, any serious medical problem and intake of drugs or other therapeutic medicines (at least from the past one year from the day of sampling).
Both, the exposed workers and unexposed subjects were selected from the same region. In Punjab, agricultural work is in the hand of males mainly and participation of females is least. So females were excluded from the study. A follow up study was conducted at 5-6 months after the first sampling, in a low exposure period. A total of 60 samples were selected from the exposed group who showed any DNA damage during intense spraying of exposure to pesticides varied from 1 to 25 years in exposed workers with an average of 10.75 + 7.92 years.
The exposed group handled pesticides throughout the year and the average number of hours that the workers had been directly involved in handling these chemicals were approximately 6 h. The demographic characteristics of the studied group are described in Table 1 . Workers worked in open fields and pesticides were applied above the head. Very few workers used some kind of protective measures (gloves, shoes, mask etc.) during the preparation and application of pesticides. Carbamates, organophosphates and pyrethroids were the most used families of the pesticides. A list of various pesticides used by the farm workers along with their frequency is given in Table 2 .
Experimental design
The alkaline single cell gel electrophoresis assay was carried out according to the technique given by Singh et al, [20] with slight modification incorporated later on in the original technique by Ahuja and Saran [31] to access DNA damage. Silver staining method was used to get the results. Slides were prepared in triplicates per subject. vs. 5.77, P<0.001). In the second samples, of low or no spray, followed up cases showed significant decrease in frequency of damaged cells as compared to first samples of freshly exposed workers (P <0.05) [ Table 4 ]. Negative control for each electrophoresis demonstrated negative results.
Effects of variables such as age, smoking, drinking and dietary habits and duration of exposure and use of protective measures were evaluated in the exposed group of first samples only. None of these confounding factors, except dietary habits, revealed a significant influence over the comet parameters or exhibited any association with increased DNA damage. The frequency of cells showing migration was significantly high in the non-vegetarian exposed cases [ Table 5 ]. in the level of DNA damage in the exposed workers as compared to controls [ Table 1 ]. Previous studies both in vivo and in vitro are in agreement with the present findings except the comet tail length seems to be comparatively more in the present workers. [27] [28] [29] 32, 33] This may be due to unwise and indiscriminate use of pesticides by these workers. Moreover, in majority of the cases, no protective measure was taken by these workers and cocktail of two or more pesticides were used, belonging to different chemical groups and which may probably be causing some antagonestic or synergic effect also. Some investigators had studied DNA damage in the farmers who were recurrently exposed to pesticides, [19, 23, 24] whereas others had studied DNA damage in pesticide manufacturing workers who were continuously exposed to pesticides. [25, 27, 34] There are a few studies in which no significant increase in DNA damage in exposed workers in comparison to control was found [30, 35] which could be due to the differences in work conditions like use of varied quality of protective equipment, variable duration of exposure etc.
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Genetic susceptibility has been reported to modulate the level of genotoxic risk. Many studies have shown an association between DNA damage and glutathione-Stransferase polymorphisms. [29] Inheritance of unfavorable genes has been shown to cause reduced detoxification and elimination of environmental mutagen as pesticides.
When they are not efficient in detoxification, the metabolic sub-products accumulate, contributing to the tumorigenic process. [36, 37] Certain pesticides (parathion, carbaryl, chlorpyrifos etc.) are known to inhibit P 450 enzyme system and results in free radical production, which causes DNA damage. [38, 39] In the present work, only 35.71% sprayers [19] Cytogenetic studies have also reported decrease in genetic damage during the period of low exposure. [40] [41] The decrease in DNA damage in followed up cases could be attributed to three independent physiological processes: repair of DNA damage, elimination of cells due to death of highly damaged cells, dilution of cells carrying DNA damage by the production of undamaged lymphocytes from the stem cell pool. [42] [43] [44] Earlier followed up studies have revealed that comet assay is more efficient in detecting ongoing exposure rather than accumulated exposure. [23, 45, 46] Non-exposed farmers were not compared with the follow up cases as longitudinal study on the same subjects is a powerful mean to observe modification than a comparison between two different populations.
Some other factors like age, smoking, drinking and dietary habits were also analyzed while interpreting the results. No relationship between DNA damage and duration of exposure was found [ Table 5 ]. Earlier cytogenetic studies of pesticide sprayers have shown similar results. [12, 41] However, a few studies have reported positive relationship. [19, 25, 29] No significant increase in DNA damage with increase in age was observed in the present sprayers. Similarly no association of DNA damage with age was observed in earlier studies. [23, 25, 27, 28, 47] There are evidences that certain vegetables and fruits contain anticlastogenic agents and have antioxidant properties. [48, 49] Non-significant increase in non-vegetarian workers was observed and was in agreement with the results of Giovannelli et al [50] and Dhawan et al. [51] No significant relationship has been detected between DNA damage and smoking. These findings are in accordance with the findings of the other workers. [28, 48, 52] The damage was rather slightly higher (non-significant) in the non-smokers than smokers.
Similar findings have been reported by some other authors. [23, 28, 46, [53] [54] [55] Non-significant increase in DNA damage was observed in alcoholics. Non-significant differences in DNA damage was reported in the farmers who used protective measures [ Table 5 ]. This may be due to large number of workers who did not use any safety measure while spraying in this study. Several studies have reported less DNA damage in workers who used some kind of protective measures. [40, 52] It is concluded that pesticides did cause DNA damage irrespective of duration of exposure. The damage caused by pesticides seems to be repaired as the follow up cases which were studied during null or low period of spraying did reveal significantly lower frequency of DNA damage in comparison to fresh cases. The confounding factors including age, smoking and diet were expected to modulate the genotoxic effect of xenobiotics, but the absence of any positive correlation between these factors and comet parameters suggest that the DNA damage was probably caused by pesticides only.
